Introduction
============

Aziridines are interesting synthetic building blocks for the construction of complex nitrogen containing compounds. When activated by a N-tosyl group, they are especially reactive towards nucleophilic ring opening and provide an easy access to a wide variety of alkaloid structures \[[@B1-molecules-07-00902]\]. Although several methods have been reported for the direct asymmetric transfer of N-tosyl nitrene to olefinic double bonds in recent years \[[@B2-molecules-07-00902]\], the most obvious precursors for chiral N-tosyl aziridines **1** are 2‑amino alcohols **3** derived from natural or unnatural amino acids **4**. Initially, compounds of type **1** have been prepared in moderate yields via the unstable bis-tosylates **2** using traditional acylation and ring closure procedures \[[@B1-molecules-07-00902]b,[@B3-molecules-07-00902]\]. Alternatively, N-tosylated amino acids **5** have been reduced to the alcohols **6**, submitted to a second tosylation and cyclised *in situ* to **1** ([Scheme 1](#molecules-07-00902-f001){ref-type="scheme"}) \[[@B4-molecules-07-00902]\].

![Synthesis of N-tosylaziridines](molecules-07-00902-g001){#molecules-07-00902-f001}

Although the latter procedure is high yielding, it requires several steps and anhydrous reaction conditions. The first inconvenient has been avoided in two procedures previously described for special intermediates in alkaloid syntheses: (S)-leucinol (**3**, R = CH~2~iPr) has been transformed in a one-pot procedure to the corresponding N-tosylaziridine **1** using excess of tosyl chloride and triethylamine and catalytic amounts of 4-dimethylaminopyridine in dichloromethane \[[@B5-molecules-07-00902]\], similarly, the chiral key intermediate **1** (R = nPr) of our Pumiliotoxin C synthesis has been obtained directly from (S)-norvalinol with sodium hydride as base in anhydrous THF \[[@B6-molecules-07-00902]\]. However, the experimental risks due to the use and destruction of large amounts of hydride and the need for anhydrous reagents and solvents, represented serious limitations for a general application, especially under tropical conditions of extreme humidity, and prompted us to look for less hazardous solvent/base combinations.

Results and Discussion
======================

In previous work, anhydrous potassium carbonate in aprotic, but undried commercial solvents has been useful for the alkylation of 1,3-dicarbonyl compounds \[[@B7-molecules-07-00902]\] and a similar procedure seemed promising for the direct acylation of **3** and subsequent ring closure to **1**. Indeed, first experiments using this base in undried DMF, DMSO or HMPA as solvent at room temperature produced **1** in moderate yields, but the crude product contained considerable amounts of polymeric material and required chromatographic purification. Use of a weaker base like potassium bicarbonate or fluoride stopped the reaction partially at the level of compounds **2** and did not avoid polymerization. Finally, when K~2~CO~3~ was used in commercial undried acetonitrile, a smooth and clean reaction was accomplished in 6 h at room temperature and high yields of several substituted (S)-aziridines **1** were obtained after separation of insoluble salts and evaporation of the solvent ([Table 1](#molecules-07-00902-t001){ref-type="table"}, entries 4-9, method A).
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###### 

Direct synthesis of (S)-N-tosyl aziridines **1** from (S)-amino alcohols **2**.

  -------------------------------------------------------
  Entry   R =                     Method A\   Method B\
                                  Yield %     Yield %
  ------- ----------------------- ----------- -----------
  1       H                       46          74

  2       CH~3~                   53          78

  3       C~2~H~5~                62          86

  4       (CH~3~)~2~CH            75          70

  5       CH~3~ CH~2~CH~2~        82          73

  6       (CH~3~)~2~CHCH~2~       76          52

  7       C~6~H~5~ CH~2~          92          64

  8       CH~3~SCH~2~CH~2~        85          67

  9       4-HO-C~6~H~4~CH~2~^a^   87          58
  -------------------------------------------------------

^a^ Bis-tosylate was obtained using 3.2 (Method A) and 3.5 (Method B) eq. of tosyl chloride, respectively.

However, when the same method was applied to unsubstituted aminoethanol **3** (R = H, entry 1) and the lower amino alcohols (entries 2 and 3), the yields and purities of the compounds **1** obtained were unsatisfactory. As unsubstituted tosyl aziridine has been obtained before in excellent yield by cyclisation of bis-tosylate **2** (R = H) using aqueous potassium hydroxide \[[@B8-molecules-07-00902]\], we tried to combine tosylation and 1,3-elimination in the same solvent/base system. In fact, when tosyl chloride was added to a vigorously stirred mixture of 2-aminoethanol, concentrated aqueous potassium hydroxide and methylene chloride, good yields of the desired tosyl aziridine **1** (R = H) were obtained in a few minutes ([Table 1](#molecules-07-00902-t001){ref-type="table"}, entry 1, method B). The same procedure proved to be superior or equivalent to method A in the case of small and medium size substituents (entries 2-5), but was less efficient for the higher substituted amino alcohols, probably because in these cases one of the tosylation steps is complicated by steric hindrance. On the other hand, in method A the long reaction time leads to partial polymerization of aziridines bearing smaller substituents.

Conclusions
===========

In conclusion, both methods described herein are short, simple and safe experimental procedures; they are complementary alternatives depending on the steric hindrance of the starting amino alcohol. Both methods make use of inexpensive and easily neutralized inorganic bases and the organic solvents used can be recovered by distillation. The use of moisture sensitive and hazardous reagents and formation of organic waste is avoided. Combined with known methods of sodium borohydride reduction of amino acids **4** \[[@B9-molecules-07-00902]\] they allow one to carry out the whole sequence from **4** to **1** ([Scheme 1](#molecules-07-00902-f001){ref-type="scheme"}) using inexpensive reagents and environmentally friendly solvents.

Experimental
============

General
-------

All reagents and solvents from commercial suppliers were used without further purification. All products obtained had physical and spectroscopic properties identical to those reported in the literature \[[@B3-molecules-07-00902],[@B4-molecules-07-00902],[@B6-molecules-07-00902]\].

Typical Synthetic Procedures
----------------------------

Method A: Tosyl chloride (2.2 mmol) was added portionwise at r.t. to a stirred mixture of **3** (1.0 mmol), K~2~CO~3~ (4.0 mmol) and acetonitrile (2.0 mL). After 6 h, toluene (5 mL) was added, the solid was filtered off and the solvents evaporated.

Method B: Tosyl chloride (2.5 mmol) was added portionwise at r.t. under vigorous stirring to a mixture of KOH (2.0 g), **3** (1.0 mmol), water (2.0 mL) and CH~2~Cl~2~ (2.0 mL). After 30 min, ice and water were added, the organic layer was separated, washed with water, dried over MgSO~4~ and evaporated.

The crude products were purified by crystallization, short-path distillation or column chromatography. The optical purities of all products were proven to be identical with those of the starting materials. The pure aziridines polymerize at r.t. within a few days, but can be stored at --30º for months.
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